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(57) Embodiments include package substrates and
method of forming the package substrates. A package
substrate includes a dielectric over a conductive layer,
and a conductive line on the dielectric. The package sub-
strate includes a plurality of conductive bumps on a sur-
face of the conductive line, where the conductive bumps
are conductively coupled to the conductive line, and a
solder resist over the conductive line and the dielectric.
The surface of the conductive line may be a bottom sur-

face, where the conductive bumps are below the con-
ductive line and conductively coupled to the bottom sur-
face of the conductive line, and where the conductive
bumps may be embedded in the dielectric. The surface
of the conductive line may be a top surface, where the
conductive bumps are above the conductive line and con-
ductively coupled to the top surface of the conductive
line, and wherein the conductive bumps are embedded
in the solder resist.
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Description

FIELD

[0001] Embodiments relate to packaging electronic de-
vices. More particularly, the embodiments relate to elec-
tronic devices with three-dimensional transmission lines
with array of periodic bumps for enabling high-speed sin-
gle-ended signal transmissions.

BACKGROUND

[0002] For the past several decades, the scaling of fea-
tures in integrated circuits (ICs) has been a driving force
behind an ever-growing semiconductor industry. Scaling
to smaller and smaller features enables increased den-
sities of functional units on the limited real estate of sem-
iconductor devices. The drive to scale-down features in
ICs such as high-speed single-ended intercon-
nects/busses, while optimizing the performance of each
device, however is not without issue.
[0003] Transmission line loss and crosstalk noise cou-
pling are typically the main factors limiting the perform-
ance scaling of high-speed single-ended interconnects,
such as on-package input/output (I/O) (OPIO) and mem-
ory I/O. This problem will continue to become even-more
challenging on future semiconductor platforms as system
performance scales-down, bus speeds increase, and
form factors shrink. For example, the main limitations of
high-speed single-ended busses can subsequently bot-
tleneck system form-factor miniaturization, compromise
system performances, complicate system designs, and
lead to product recalls for future systems due to platform
level functional failures.
[0004] One existing solution to address the bandwidth-
limited transmission line (TLINE) due to loss/intersymbol
interference (ISI) and crosstalk includes an on-die active
crosstalk cancellation circuitry, however this circuity is
not feasible for the ever-growing low-power applications.
Another solution is implementing signal conditioners with
fixed/adaptive equalization, yet these signal conditioners
substantially increase bill of materials (BOM) and board
design complexity. Other existing solutions include a
transmitter design with de-emphasis or/and pre-empha-
sis, but this solution is not feasible due to the increased
physical layer (PHY) design complexity and the height-
ened power requirement. Lastly, another solution further
includes a transmitter design with higher drive strength,
however the design can cause reliability issues due to
excessive signal overshoot/undershoot when the TLINE
is overdriven.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments described herein illustrated by
way of example and not limitation in the figures of the
accompanying drawings, in which like references indi-
cate similar features. Furthermore, some conventional

details have been omitted so as not to obscure from the
inventive concepts described herein.

Figure 1 is an illustration of a perspective view of a
package substrate with a transmission line (TLINE)
having an array of periodic bumps (APB) below the
TLINE, according to one embodiment.
Figure 2 is an illustration of a perspective view of a
package substrate with a TLINE having an APB
above the TLINE, according to one embodiment.
Figure 3 is an illustration of a perspective view of a
package substrate with a TLINE having APBs
aligned/misaligned above and below the TLINE, ac-
cording to one embodiment.
Figure 4 is an illustration of a perspective view of a
package substrate with a TLINE having two or more
APBs aligned/misaligned above and below the
TLINE, where the APBs above/below the TLINE
have different thicknesses, according to one embod-
iment.
Figures 5A - 5N are illustrations of cross-sectional
views of a process flow to form a package substrate
with a TLINE having an APB below/above the TLINE,
according to some embodiments.
Figure 6 is an illustration of a cross-sectional view
of a semiconductor package with a die, an interpos-
er, and a package substrate that include TLINEs with
APBs below/above the TLINE, according to one em-
bodiment.
Figure 7 is an illustration of a schematic block dia-
gram illustrating a computer system that utilizes a
device package with a package substrate that in-
cludes TLINEs having APBs below/above the
TLINEs, according to one embodiment.

DETAILED DESCRIPTION

[0006] Described herein are electronic packages with
three-dimensional (3D) transmission lines with array of
periodic bumps (APBs) that enable high-speed single-
ended signal transmissions and methods of forming such
electronic packages. The electronic packages (e.g.,
semiconductor packages such as printed circuit boards
(PCBs)) described below and methods of forming such
electronic packages include a package substrate with a
transmission line (TLINE) having one or more APBs be-
low and/or above the TLINE, according to some embod-
iments.
[0007] As described herein, an "array of periodic
bumps" (APB) refers to a plurality of conductive bumps
disposed on a top surface and/or a bottom surface of a
conductive transmission line (or a TLINE). Additionally,
the APB may be formed of one or more metals such as
copper, gold, or the like. The APB may have the same
or different metal conductivity as the TLINE. For example,
the metal conductivity of the APB may be selected based
on the optimum skin-depth that corresponds to the equal-
ization frequency range. In some embodiments, the
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APBs may be formed with one or more shapes in various
orientations. The shapes of the APBs may include, but
are not limited to, rectangles, squares, circles, diamonds,
and polygons. Furthermore, as described below in further
detail, the effectiveness of the APB, including the inter-
symbol interference (ISI) and crosstalk properties, may
be improved based on the selected area/volume of the
APB.
[0008] Accordingly, embodiments described herein in-
clude improvements of on-package electrical solutions
by utilizing the transmission line skin-effect, and the
transmission and self-coupling principles to transform the
transmission line architecture to inherit the self-equalized
and crosstalk-compensated properties. These embodi-
ments of the APB of the package substrate enable (i)
altering/increasing the high-frequency characteristic im-
pedance to boost the launching energy of the high-fre-
quency component to equalize the transmitted signal,
and (ii) increasing the capacitive-coupling to the refer-
ence plane that enhances the crosstalk immunity. Addi-
tionally, the embodiments of the APBs described herein
improve the eye opening of a TLINE by approximately
50% or greater - without increasing the overshoot/under-
shoot levels. For example, both ISI and crosstalk impacts
may notably be addressed and improved with the APBs,
where the first-half of the eye opening could be substan-
tially pre-amplified by the APBs and helped to restore the
collapsed eyes, and APBs’ performance could be further
ascertained by S-parameters result in term of insertion
loss, NEXT and FEXT, where the APBs yield improved
such result (as compared to existing TLINEs). Further-
more, in regards to the XY-area trade-offs, the embodi-
ments described herein have the same routing pitch or
even smaller routing pitch as compared to existing/con-
ventional TLINE design. Furthermore, the APBs can re-
store the impedance of the existing TLINE within the
same XY-footprint/trace width by approximately 10ohm
or greater, which is vital for the ever-narrowing/thinning
of PCB designs.
[0009] The technologies described herein may be im-
plemented in one or more electronic devices. Non-limit-
ing examples of electronic devices that may utilize the
technologies described herein include any kind of mobile
device and/or stationary device, such as microelectro-
mechanical systems (MEMS) based electrical systems,
gyroscopes, advanced driving assistance systems
(ADAS), 5G communication systems, cameras, cell
phones, computer terminals, desktop computers, elec-
tronic readers, facsimile machines, kiosks, netbook com-
puters, notebook computers, internet devices, payment
terminals, personal digital assistants, media players
and/or recorders, servers (e.g., blade server, rack mount
server, combinations thereof, etc.), set-top boxes, smart
phones, tablet personal computers, ultra-mobile person-
al computers, wired telephones, combinations thereof,
and the like. Such devices may be portable or stationary.
In some embodiments, the technologies described here-
in may be employed in a desktop computer, laptop com-

puter, smart phone, tablet computer, netbook computer,
notebook computer, personal digital assistant, server,
combinations thereof, and the like. More generally, the
technologies described herein may be employed in any
of a variety of electronic devices, including semiconduc-
tor packages having package substrates with TLINES
that are disposed with one or more APBs below and/or
above the TLINEs.
[0010] In the following description, various aspects of
the illustrative implementations will be described using
terms commonly employed by those skilled in the art to
convey the substance of their work to others skilled in
the art. However, it will be apparent to those skilled in
the art that the present embodiments may be practiced
with only some of the described aspects. For purposes
of explanation, specific numbers, materials and configu-
rations are set forth in order to provide a thorough un-
derstanding of the illustrative implementations. However,
it will be apparent to one skilled in the art that the present
embodiments may be practiced without the specific de-
tails. In other instances, well-known features are omitted
or simplified in order not to obscure the illustrative imple-
mentations.
[0011] Various operations will be described as multiple
discrete operations, in turn, in a manner that is most help-
ful in understanding the present embodiments, however,
the order of description should not be construed to imply
that these operations are necessarily order dependent.
In particular, these operations need not be performed in
the order of presentation.
[0012] As used herein the terms "top," "bottom," "up-
per," "lower," "lowermost," and "uppermost" when used
in relationship to one or more elements are intended to
convey a relative rather than absolute physical configu-
ration. Thus, an element described as an "uppermost
element" or a "top element" in a device may instead form
the "lowermost element" or "bottom element" in the de-
vice when the device is inverted. Similarly, an element
described as the "lowermost element" or "bottom ele-
ment" in the device may instead form the "uppermost
element" or "top element" in the device when the device
is inverted.
[0013] Figure 1 is an illustration of a perspective view
of a package substrate 100 with a TLINE 105 having a
plurality of conductive bumps 106 (or APBs) below the
TLINE 105, according to one embodiment. In some em-
bodiments, Figure 1 illustrates one of the approaches
that enables coupling the TLINE 105 and the conductive
bumps 106 with a passive packaging solution by utilizing
the transmission line skin-effect and transmission and
self-coupling properties to transform the TLINE de-
sign/architecture to inherit the self-equalized and cross-
talk-compensated properties. These embodiments of the
package substrate 100 may be implemented by aug-
menting the transmission line 105 with the APBs 106 that
are disposed (or coupled/merged) on the surfaces of the
TLINE 105 using a via packaging patterning and electro-
plating process or the like.
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[0014] Referring now to Figure 1, a cross-sectional il-
lustration of a package substrate 100 is shown, in ac-
cordance with an embodiment. In one embodiment, the
package substrate 100 may include a conductive line
105. The conductive line 105 may be a transmission line
(TLINE) that is used to transmit signals in the package
substrate 100, such as a stripline, a microstrip, a dual-
stripline, an embedded-microstrip, and/or the like. In
some embodiments, the package substrate 100 may im-
plement the transmission line 105 to be coupled with a
plurality of conductive bumps 106.
[0015] For one embodiment, the package substrate
100 may include, but is not limited to, a package, a sub-
strate, a printed circuit board (PCB), and a motherboard.
For one embodiment, the package substrate 103 is a
PCB. For one embodiment, the PCB is made of an FR-
4 glass epoxy base with thin copper foil laminated on
both sides. For certain embodiments, a multilayer PCB
can be used, with pre-preg and copper foil used to make
additional layers. For example, the multilayer PCB may
include one or more dielectric layers 130, where each
dielectric layer can be a photosensitive dielectric layer.
For one embodiment, the PCB 100 may include a plurality
of conductive layers (e.g., a plurality of transmission lines
105, a reference conductive layer 103, etc.), which may
further include copper (or metallic) traces, lines, pads,
vias, via pads, holes, and/or planes.
[0016] The transmission line 105 may be formed of a
conductive material (or a metallic material) such as cop-
per, gold, or the like. For some embodiments, the trans-
mission line 105 may be formed with one or more size
parameters, including a width Tiw and a thickness T1T.
In an embodiment, the transmission line 105 may be a
rectangle conductor having a conductive layer 103 as a
reference plane. The conductive layer 103 may be a ref-
erence conductive plane, a ground reference plane, an
electrical reference plane, or the like. In one embodiment,
a dielectric layers 130 may disposed between the trans-
mission line 105 and the reference plane 103, where the
dielectric layers 130 may surround the conductive bumps
106 and the bottom surface of the transmission line 105.
Furthermore, a solder resist layer 131 may be disposed
over the transmission line 105 and the dielectric layers
130, where the solder resist layer 131 may embed and
surround the side walls and top surface of the transmis-
sion line 105. In an alternate embodiment, the conductive
bumps 106 and the transmission line 105 may be em-
bedded solely within the dielectric layers 130 or the solder
resist layer 131; or the conductive bumps 106 and the
transmission line 105 may be semi-embedded in both
the dielectric layers 130 and the solder resist layer 131.
[0017] As described above, the APBs 106 may be con-
ductive bumps that are periodically disposed on a surface
of the transmission line 105. For example, as shown in
Figure 1, the conductive bumps 106 may be an array of
periodic bumps that are coupled onto the bottom surface
of the transmission line 105. The conductive bumps 106
may be disposed on a bottom surface, a top surface, or

any other surfaces of the transmission line 105 (e.g., as
shown below in Figures 2-4).
[0018] Additionally, the conductive bumps 106 may be
formed of one or more conductive material (or a metallic
material) such as copper, gold, or the like. In one em-
bodiment, the conductive bumps 106 may have a metal
conductivity that is the substantially equal to (or the same
as) a metal conductivity of the transmission line 105. In
another embodiment, the conductive bumps 106 may
have a metal conductivity that is different than a metal
conductivity of the transmission line 105. The metal con-
ductivity materials of the conductive bumps 106 may be
selected based on the optimum skin-depth correspond-
ing to the desired equalization frequency range. In some
embodiments, the conductive bumps 106 may be formed
as one or more shapes in one or more orientations. The
shapes of the conductive bumps 106 may include, but
are not limited to, rectangles, squares, circles, diamonds,
and polygons.
[0019] In some embodiments, each of the conductive
bumps 106 may be formed with a desired area (or vol-
ume) (e.g., as shown with the one or more thicknesses
"Txx" illustrated in Figure 1), where the desired area is
selected to optimize/improve the transmission line loss
and crosstalk noise properties. For example, the conduc-
tive bumps 106 may be periodically patterned and dis-
posed on the transmission line 106 to have or more size
parameters, including a width T2W, a thickness T2T, a
gap length T2G between the conductive bumps 106, and
a length T2L.
[0020] These size parameters combined with the metal
conductivity of the conductive bumps 106 may be altered
(or tuned) to optimize the skin depth, equalization effec-
tiveness, and design of the transmission line 105. In an
embodiment, the conductive bumps 106 may have a
length T2L that is substantially less than a gap length T2G
of the conductive bumps 106. Furthermore, the conduc-
tive bumps 106 may have a thickness T2T that is less
than a thickness T1T of the transmission line 105. In other
embodiments, the conductive bumps 106 may have a
thickness T2T that is approximately equal to a thickness
T1T of the transmission line 105. For one embodiment,
the conductive bumps 106 may have a width T2W that is
approximately equal to a width T1W of the transmission
line 105. For example, in one embodiment, the transmis-
sion line 105 may have a width T1W that is approximately
15 um or less, and a thickness T1T that is approximately
10 um or less; while the conductive bumps 106 may have
a width T2W that is approximately 15 um or less, a thick-
ness T2T that is approximately 8 um or less (or 10 um or
less), a gap length T2G that is approximately 80 um or
less, and a length T2L that is approximately 15 um or less.
[0021] In the embodiments described herein, the con-
ductive bumps 106 increase the high-frequency charac-
teristic impedance of the transmission line 105 by in-
creasing the self-inductance of the transmission line 105,
which is implemented/realized by concentrating the high-
frequency current into the tiny conductive bump struc-
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tures with the corresponding skin-depth. The overall ef-
fect is therefore an increase in current density, which in
turn increases the overall inductance of the transmission
line 105 (or the transmission line design). For example,
when the high-frequency characteristic impedance in-
creases, the high-frequency transmission coefficient also
increases, which thus allows higher launching voltage
for the high-frequency component to create the equali-
zation (pre-emphasis) effects.
[0022] Additionally, in these embodiments described
herein, the conductive bumps 106 increase the capaci-
tive-coupling of the transmission line 105 by reducing the
effective distance to the reference plane 103, thereby
making the electromagnetic field (EM-field) to be more
confined and tightly coupled to the reference plane 103.
The overall effect is thus less fringing of the EM-field to
the adjacent transmission line (not shown), which then
reduces the crosstalk of the transmission lines.
[0023] Accordingly, the package substrate 100 may
implement a desired area combined with a desired metal
conductivity of the conductive bumps 106 to facilitate the
bandwidth-limitations of the transmission line 105 asso-
ciated with ISI and crosstalk. The conductive bumps 106
therefore enable an improved TLINE architecture with
preselected design dimensions, which provides a de-
sired scaling/configuration of the TLINE 105 and respec-
tively exhibits higher transmission bandwidth with en-
hanced noise immunity.
[0024] In this embodiment, the conductive bumps 106
enable the transmission line 105 to yield substantially
improved results for the bandwidth-limitations of the
transmission line 105 based on ISI and crosstalk (as com-
pared to existing transmission line designs/configura-
tions). For example, a 4 Gbps signal may be implemented
with the conductive bumps 106 of the transmission line
105, where the transmission line 105 may be approxi-
mately a 10 mm on-package input/output (OPIO) inter-
connect/bus, thereby providing a voltage margin (or eye
height) that may be approximately improved to 170 mV
(e.g., as compared to using an existing TLINE with these
same parameters having approximately a 105 mV volt-
age margin), a timing margin (or eye width) that may be
approximately improved to 40 ps (e.g., as compared to
using an existing TLINE with these same parameters
having approximately a 33 ps timing margin), and an
overshoot/undershoot voltage that may be negligible. Im-
plementing the conductive bumps 106 also adequately
enables implementing power and real-estate sensitive
applications and low-power applications, while substan-
tially reducing (i) the BOM and board design complexity,
(ii) the physical layer (PHY) design complexity, (iii) the
power requirements, and (iv) reliability issues that are
typically associated with excessive signal overshoot/un-
dershoot when transmission line is overdriven.
[0025] Note that the package substrate 100 may in-
clude fewer or additional packaging components based
on the desired packaging design.
[0026] As described below in Figures 2 - 4, the con-

ductive bumps (or APBs) may be disposed (or cou-
pled/merged) onto several surfaces of the main trans-
mission line (or TLINE) body to form various TLINE-APB
configurations, including a package substrate 200 with
the APBs 207 above the TLINE 205, a package substrate
300 with the APBs 306 and 307 symmetrically aligned
(or disposed) below and above the TLINE 305, and a
package substrate 400 with the APBs 406-409 asymmet-
rically aligned below and above the TLINE 405. Note that,
as described above, the TLINE-APB configurations of
the package substrates may include a single APB or a
plurality of APBs having the same or different type of
conductivity and thicknesses/skin-depths.
[0027] Referring now to Figure 2, a cross-sectional il-
lustration of a package substrate 200 is shown, in ac-
cordance with an embodiment. The semiconductor pack-
age 200 may be substantially similar to the package sub-
strate 100 described above in Figure 1, with the exception
that the conductive bumps 207 are disposed above the
transmission line 205, according to some embodiments.
In one embodiment, the conductive bumps 207 are dis-
posed on the top surface of the transmission line 205,
where the conductive bumps 207 and the transmission
line 205 may be disposed over the dielectric layers 230,
and the conductive bumps 207 and the transmission line
205 may be embedded/surrounded with the solder resist
layer 231. The conductive bumps 207 of the transmission
line 205 are substantially similar to the conductive bumps
106 of the transmission line 105 described above in Fig-
ure 1.
[0028] Note that the semiconductor package 200 may
include fewer or additional packaging components based
on the desired packaging design.
[0029] Referring now to Figure 3, a cross-sectional il-
lustration of a package substrate 300 is shown, in ac-
cordance with an embodiment. The semiconductor pack-
age 300 may be substantially similar to the package sub-
strates 100 and 200 described above in Figures 1 - 2,
with the exception that the conductive bumps 306 and
307 are disposed below and above the transmission line
305, according to some embodiments. In one embodi-
ment, the conductive bumps 306 and 307 are patterned
and disposed respectively on the bottom and top surfac-
es of the transmission line 305, where the conductive
bumps 307 and the transmission line 305 may be dis-
posed over the dielectric layers 330, the conductive
bumps 307 and the transmission line 305 may be em-
bedded/surrounded with the solder resist layer 331, and
the conductive bumps 306 may be embedded with the
dielectric layers 330. In an embodiment, the conductive
bumps 306 may be positioned (or aligned) on the trans-
mission line 305 to be substantially symmetrical to the
conductive bumps 307 on the transmission line 305.
[0030] In an embodiment, the conductive bumps 306
are symmetrically positioned below the transmission line
305 to be aligned with the conductive bumps 307 above
the transmission line 305. In this embodiment, the sym-
metrically disposed conductive bumps 306-307 enable
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the transmission line 305 to yield substantially improved
results for the bandwidth-limitations of the transmission
line 305 based on ISI and crosstalk (as compared to ex-
isting transmission line designs/configurations). For ex-
ample, a 4 Gbps signal may be implemented with the
symmetrical top/bottom conductive bumps 306-307 of
the transmission line 305, where the transmission line
305 may be approximately a 10 mm OPIO intercon-
nect/bus, thereby providing a voltage margin that may
be approximately improved to 200 mV (e.g., as compared
to using an existing TLINE with these same parameters
having approximately a 105 mV voltage margin), a timing
margin that may be approximately improved to 41 ps
(e.g., as compared to using an existing TLINE with these
same parameters having approximately a 33 ps timing
margin), and an overshoot/undershoot voltage that may
be negligible.
[0031] The conductive bumps 306-307 of the transmis-
sion line 305 are substantially similar to the conductive
bumps 106 of the transmission line 105 described above
in Figure 1. In some embodiments, the conductive bumps
306 may have a thickness that is substantially equal to
a thickness of the conductive bumps 307. As described
above, in some embodiments, the package substrate 300
may include the conductive bumps 306-307 having the
same or different type of metal conductivity and thick-
nesses/skin-depths as the transmission line 305. Note
that the semiconductor package 300 may include fewer
or additional packaging components based on the de-
sired packaging design.
[0032] Referring now to Figure 4, a cross-sectional il-
lustration of a package substrate 400 is shown, in ac-
cordance with an embodiment. The semiconductor pack-
age 400 may be substantially similar to the package sub-
strates 100, 200, and 300 described above in Figures
1-3, with the exception that the conductive bumps 406
and 408 are disposed below the transmission line 405,
and the conductive bumps 407 and 409 are disposed
above the transmission line 405, according to some em-
bodiments. In one embodiment, the conductive bumps
406 and 408 are patterned and stacked on the bottom
surface of the transmission line 405, while the conductive
bumps 407 and 409 are patterned and stacked on the
top surface of the transmission line 405. In one embod-
iment, the conductive bumps 407 and 409 and the trans-
mission line 405 may be disposed over the dielectric lay-
ers 430, and may be embedded/surrounded with the sol-
der resist layer 431. Additionally, the conductive bumps
406 and 408 may be embedded with the dielectric layers
430. In an embodiment, the conductive bumps 406 and
408 may be positioned (or aligned) on the transmission
line 405 to be substantially symmetrical to the conductive
bumps 407 and 409 on the transmission line 405. How-
ever, in alternate embodiments, the conductive bumps
406 and 408 may be positioned (or aligned) asymmetri-
cally on the transmission line 405 as compared to the
conductive bumps 407 and 409 positioned/aligned on
the transmission line 405.

[0033] The conductive bumps 406-409 of the transmis-
sion line 405 are substantially similar to the conductive
bumps 106 of the transmission line 105 described above
in Figure 1. In some embodiments, the conductive bumps
406 may have a thickness that is substantially equal to
a thickness of the conductive bumps 407. Likewise, in
some embodiments, the conductive bumps 408 may
have a thickness that is substantially equal to a thickness
of the conductive bumps 409. In some embodiments, the
conductive bumps 408-409 may have a thickness that is
substantially equal to a thickness of the conductive
bumps 406-407, while the conductive bumps 408-409
may have a length and/or a width that is/are different than
a length and/or a width of the conductive bumps 406-407.
[0034] Additionally, the conductive bumps 408-409
may have a metal conductivity (or a plurality of conductive
materials) that is different than a metal conductivity of
the conductive bumps 406-407, where the metal conduc-
tivity of the conductive bumps 406-407 is the same for
both conductive bumps 406-407. In other embodiments,
the conductive bumps 406-407 may have the same metal
conductivity, while the conductive bumps 408 may have
a metal conductivity that is different than a metal conduc-
tivity of the conductive bumps 409. As described above,
in some embodiments, the package substrate 400 may
include one or more of the conductive bumps 406, 407,
408, and 409 having the same or different type of metal
conductivity and thicknesses/skin-depths as the trans-
mission line 405. Note that the semiconductor package
400 may include fewer or additional packaging compo-
nents based on the desired packaging design.
[0035] Figures 5A - 5N are a series of cross-sectional
illustrations that depict a package substrate 500 with a
plurality of transmission lines 515 coupled/merged with
conductive bumps, according to some embodiments.
The process flow illustrated in Figures 5A - 5N form the
package substrate 500 that may be substantially similar
to the package substrates 100, 200, 300, and 400 de-
scribed above in Figures 1-4. Accordingly, as described
above, this process flow of the package substrate 500
illustrates one of the approaches to pattern and dispose
conductive material to form transmission lines 515 that
are coupled/merged with conductive bumps as described
herein, according to some embodiments.
[0036] Referring now to Figure 5A, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include a conductive layer
503, a dielectric layers 530, and a conductive layer 516.
The conductive layer 516 may be disposed over the di-
electric layers 530 and the conductive layer 503. In one
embodiment, the conductive layer 503 may be a refer-
ence conductive plane such a ground plane or the like.
For one embodiment, the conductive layers 503 and 516
may be formed of the same conductive (or metallic) ma-
terials, including copper or the like.
[0037] Referring now to Figure 5B, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
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cordance with an embodiment. In an embodiment, the
package substrate 500 may include disposing a resist
layer 540 on the conductive layer 516. For one embodi-
ment, the resist layer 540 may be a photoresist layer such
as a dry-film resist (DFR) layer. In some embodiments,
the resist layer 540 may be implemented to form (or pat-
tern) a conductive base layer of a conductive transmis-
sion line with conductive bumps (or a TLINE-APB as de-
scribed herein) in a subsequent process described be-
low.
[0038] Referring now to Figure 5C, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include disposing a pat-
terned mask 542A over the resist layer 540 and the con-
ductive layer 516. For one embodiment, the mask 542A
may be patterned with openings 545 (or holes) that may
expose one or more surfaces (or portions) of the resist
layer 540. In some embodiments, the mask 542A may
be disposed over the resist layer 540 to pattern the base
layer of the transmission line in a subsequent process
described below.
[0039] Referring now to Figure 5D, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include exposing the pat-
terned mask 542A and the exposed surfaces of the resist
layer 540 with a light source 547 (e.g., a laser direct im-
aging source, a ultraviolet (UV) light source, etc.). The
laser 547 may be exposed through the openings of the
patterned mask 542A and onto the exposed surfaces of
the resist layer 540, where the exposed surfaces of the
resist layer 540 may be hardened to form a plurality of
hardened resist portions 541 by the laser 547. In one
embodiment, the resist layer 540 may now include the
hardened portions 541 over the conductive layer 516.
[0040] Referring now to Figure 5E, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include removing the resist
layer as the hardened resist portions 541 remain pat-
terned/disposed over the conductive layer 516. The resist
layer may be removed with an etching process or the like
to dissolve/etch (or remove) the unhardened portions of
the resist layer.
[0041] Referring now to Figure 5F, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include removing the por-
tions of the conductive layer 516 that are not covered
with the hardened resist portions 541. The conductive
layer may be removed with an etching process or the like
to etch away (or remove) the exposed portions of the
conductive layer as the covered conductive portions 516
remain covered with the hardened resist portions 541,
and the remaining patterned hardened resist 541 and
conductive portions 516 are both stacked over the die-
lectric layers 530.

[0042] Referring now to Figure 5G, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include removing (or strip-
ping) the hardened resist portions 541 to expose the top
surfaces of the conductive portions 516. The patterned
conductive portions 516 may be implemented as the con-
ductive base layer of the transmission lines (as described
herein) that are formed using a subtractive plating proc-
ess or the like.
[0043] Referring now to Figure 5H, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include disposing a hard-
ened resist layer 541 over the dielectric layers 530, where
the hardened resist layer 541 may surround the conduc-
tive portions 516. The hardened resist layer 541 may be
formed using a similar process as illustrated in Figures
5B - 5D (e.g., a resist layer may have direct UV exposure
- without a mask - to form the hardened resist layer 541).
In one embodiment, the hardened resist layer 541 may
have a top surface that is substantially coplanar to the
top surfaces of the conductive portions 516.
[0044] Referring now to Figure 5I, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include disposing a resist
layer 540 over the hardened resist layer 541 and the con-
ductive portions 516. The resist layer 540 may be an
unhardened resist layer that is disposed over the hard-
ened resist layer 541 and the conductive portions 516.
[0045] Referring now to Figure 5J, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include disposing a pat-
terned mask 542B over the resist layer 540, the hardened
resist layer 541, and the conductive portions 516. For
one embodiment, the mask 542B may be patterned with
openings that may expose one or more surfaces (or por-
tions) of the resist layer 540. In some embodiments, the
mask 542B may be disposed over the stack of resist layer
540 and conductive portions 516 to form a conductive
top layer of the transmission line in a subsequent process
described below. This conductive top layer may be sub-
sequently disposed (or formed) to be implemented as
the conductive bumps above the transmission line (e.g.,
as shown with the transmission line design of the con-
ductive bumps 207 and the transmission line 205 of Fig-
ure 2).
[0046] Referring now to Figure 5K, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include exposing the pat-
terned mask 542B and the exposed surfaces of the resist
layer 540 with a light source 547 as described above in
Figure 5D. The laser 547 may be exposed through the
openings of the patterned mask 542B and onto the ex-
posed surfaces of the resist layer 540, where the exposed
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surfaces of the resist layer 540 may be hardened to form
a thicker hardened resist layer 541, while the unexposed
surfaces of the resist layer (or the covered portions of
the resist layer) may remain as unhardened resist por-
tions directly over the conductive portions 516. In one
embodiment, the resist layer may now include the un-
hardened resist portions 540 over the conductive por-
tions 516.
[0047] Referring now to Figure 5L, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include removing the un-
hardened resist portions to expose openings 546 over
the top surfaces of the conductive portions 516. The un-
hardened resist portions may be removed with an etching
process or the like as described above. In one embodi-
ment, the hardened resist layer 541 may now be pat-
terned with the openings 546 that may be used to form
a plurality of conductive bumps over the exposed top
surfaces of the conductive portions 516, as shown in the
subsequent steps below.
[0048] Referring now to Figure 5M, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include disposing (or depos-
iting) a conductive material in the openings through the
hardened resist layer 541, and over the exposed surfaces
of the conductive portions 516 to form a plurality of con-
ductive trench layers/formations. The conductive mate-
rial may be disposed with an electrolytic plating process
of the like. In one embodiment, the conductive material
may now be implemented (or coupled/merged) to form
a plurality of transmission lines 515 (i.e., the conductive
base layer/portions) with the top conductive bumps (i.e.,
the conductive material disposed above for the
trench/bump layers/formations).
[0049] Referring now to Figure 5N, a cross-sectional
illustration of a package substrate 500 is shown, in ac-
cordance with an embodiment. In an embodiment, the
package substrate 500 may include removing (or strip-
ping) the hardened resist portions to expose the com-
bined conductive bumps and transmission lines 515 and
the top surface of the dielectric layers 530. In one em-
bodiment, as shown with Figures 5H - 5N, the second
plating process used to form these conductive bumps
and transmission lines 515 may be a semi-additive plat-
ing (SAP) process or the like.
[0050] Note that the package substrate 500 as shown
with Figures 5A - 5N may include fewer or additional
packaging components based on the desired packaging
design.
[0051] Figure 6 is an illustration of a cross-sectional
view of a semiconductor packaged system 600 including
a die 614, a substrate 612, a package substrate 602, and
one or more build-up structures 650, according to one
embodiment. Figure 6 illustrates a semiconductor pack-
age 600 including a die 614, a substrate 612 (or an in-
terposer), interconnect structures (e.g., the plurality of

bumps disposed below the die 614 and the substrate
612), and the package substrate 602, where the sub-
strate 612 and/or the package substrate 602 may include
the transmission lines with conductive pumps (or TLINE-
APBs) 650, according to some embodiments.
[0052] For one embodiment, the semiconductor pack-
age 600 may implement the substrate 612 and/or the
package substrate 602 to include the TLINE-APBs 650
(as the transmission line/conductive bumps structures of
the package substrates described herein). In one em-
bodiment, the TLINE-APB(s) 650 of the substrate 612
and/or the package substrate 602 may be substantially
similar to the TLINE-APB(s) of the package substrates
100, 200, 300, 400, and 500 described above in Figures
1 - 5. Note that the semiconductor package 600 is not
limited to the illustrated semiconductor packaged sys-
tem, and thus may be designed/formed with fewer, alter-
nate, or additional packaging components and/or with
different interconnecting structures.
[0053] According to one embodiment, the semicon-
ductor package 600 is merely one example of an embod-
iment of a semiconductor packaged system. For one em-
bodiment, the semiconductor package 600 may include
a ball grid array (BGA) package, a land grid array (LGA)
package, and/or a pin grid array (PGA) package. For one
embodiment, a die 614 is coupled to a substrate 612
(e.g., an interposer) via one or more bumps/joints formed
from respective microbumps. As described above, a sol-
der joint formed by soldering of a microbump according
to an embodiment may itself be referred to as a "bump"
and/or a "microbump." Additionally, for other embodi-
ments, the die 614, the substrate 612, and the package
substrate 602 may be coupled using anisotropic conduc-
tive film (ACF). For one embodiment, the substrate 612
may be, but is not limited to, a silicon interposer and/or
a die with through silicon vias (TSVs). For an alternate
embodiment, the semiconductor package 600 may omit
the interposer/substrate 612.
[0054] For some embodiments, the semiconductor
package 600 may have the die 614 disposed on the in-
terposer 612, where both the stacked die 614 and inter-
poser 612 are disposed on a package substrate 602.
According to some embodiments, the package substrate
602 may include, but is not limited to, a package, a sub-
strate, a PCB, and a motherboard. For one embodiment,
the package substrate 602 is a PCB. For one embodi-
ment, the PCB is made of an FR-4 glass epoxy base with
thin copper foil laminated on both sides. For certain em-
bodiments, a multilayer PCB can be used, with pre-preg
and copper foil used to make additional layers. For ex-
ample, the multilayer PCB may include one or more di-
electric layers, where each dielectric layer can be a pho-
tosensitive dielectric layer. For one embodiment, the
PCB 602 may also include conductive layers that com-
prise copper lines/traces, metallic pads, vias, via pads,
planes, and/or holes.
[0055] For one embodiment, the die 614 may include,
but is not limited to, a semiconductor die, an electronic
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device (e.g., a wireless device), an integrated circuit (IC),
a central processing unit (CPU), a microprocessor, a plat-
form controller hub (PCH), a memory, and/or a field-pro-
grammable gate array (FPGA). The die 614 may be
formed from a material such as silicon and have circuitry
thereon that is to be coupled to the interposer 612. Al-
though some embodiments are not limited in this regard,
the package substrate 602 may in turn be coupled to
another body, for example, a computer motherboard.
One or more connections between the package substrate
602, the interposer 612, and the die 614 - e.g., including
some or all of bumps 616, 618, and 620 - may include
one or more interconnect structures and underfill layers
626 and 628. In some embodiments, these interconnect
structures (or connections) may variously comprise an
alloy of nickel, palladium, and tin (and, in some embod-
iments, Cu).
[0056] Connections between the package substrate
602 and another body may be made using any suitable
structure, such as the illustrative bumps 620 shown. The
package substrate 602 may include a variety of electronic
structures formed thereon or therein. The interposer 612
may also include electronic structures formed thereon or
therein, which may be used to couple the die 614 to the
package substrate 602. For one embodiment, one or
more different materials may be used for forming the
package substrate 602 and the interposer 612. In certain
embodiments, the package substrate 602 is an organic
substrate made up of one or more layers of polymer base
material, with conducting regions for transmitting signals.
In certain embodiments, the interposer 612 is made up
of a ceramic base material including metal regions for
transmitting signals. Although some embodiments are
not limited in this regard, the semiconductor package 600
may include gap control structures 630 - e.g., positioned
between the package substrate 602 and the interposer
612. Such gap control structures 630 may mitigate a
change in the height of the gap between the package
substrate 602 and the interposer 612, which otherwise
might occur during reflowing while die 614 is attached to
interposer 612. Note that the semiconductor package
600 includes an underfill material 628 between the inter-
poser 612 and the die 614, and an underflow material
626 between the package substrate 602 and the inter-
poser 612. For one embodiment, the underfill materials
(or layers) 626 and 628 may be one or more polymers
that are injected between the layers. For other embodi-
ments, the underfill materials may be molded underfills
(MUF).
[0057] Note that the semiconductor package 600 may
include fewer or additional packaging components based
on the desired packaging design.
[0058] Figure 7 is an illustration of a schematic block
diagram illustrating a computer system 700 that utilizes
a device package 710 (or a semiconductor package) with
a package substrate having TLINEs with APBs be-
low/above the TLINE, according to one embodiment. Fig-
ure 7 illustrates an example of computing device 700.

Computing device 700 houses motherboard 702. Moth-
erboard 702 may include a number of components, in-
cluding but not limited to processor 704, device package
710 (or semiconductor package), and at least one com-
munication chip 706. Processor 704 is physically and
electrically coupled to motherboard 702. For some em-
bodiments, at least one communication chip 706 is also
physically and electrically coupled to motherboard 702.
For other embodiments, at least one communication chip
706 is part of processor 704.
[0059] Depending on its applications, computing de-
vice 700 may include other components that may or may
not be physically and electrically coupled to motherboard
702. These other components include, but are not limited
to, volatile memory (e.g., DRAM), non-volatile memory
(e.g., ROM), flash memory, a graphics processor, a dig-
ital signal processor, a crypto processor, a chipset, an
antenna, a display, a touchscreen display, a touchscreen
controller, a battery, an audio codec, a video codec, a
power amplifier, a global positioning system (GPS) de-
vice, a compass, an accelerometer, a gyroscope, a
speaker, a camera, and a mass storage device (such as
hard disk drive, compact disk (CD), digital versatile disk
(DVD), and so forth).
[0060] At least one communication chip 706 enables
wireless communications for the transfer of data to and
from computing device 700. The term "wireless" and its
derivatives may be used to describe circuits, devices,
systems, methods, techniques, communications chan-
nels, etc., that may communicate data through the use
of modulated electromagnetic radiation through a non-
solid medium. The term does not imply that the associ-
ated devices do not contain any wires, although in some
embodiments they might not. At least one communication
chip 706 may implement any of a number of wireless
standards or protocols, including but not limited to Wi-Fi
(IEEE 802.11 family), WiMAX (IEEE 802.112 family),
IEEE 802.20, long term evolution (LTE), Ev-DO, HSPA+,
HSDPA+, HSUPA+, EDGE, GSM, GPRS, CDMA, TD-
MA, DECT, Bluetooth, derivatives thereof, as well as any
other wireless protocols that are designated as 3G, 4G,
5G, and beyond. Computing device 700 may include a
plurality of communication chips 706. For instance, a first
communication chip 706 may be dedicated to shorter
range wireless communications such as Wi-Fi and Blue-
tooth and a second communication chip 706 may be ded-
icated to longer range wireless communications such as
GPS, EDGE, GPRS, CDMA, WiMAX, LTE, Ev-DO, and
others.
[0061] Processor 704 of computing device 700 in-
cludes an integrated circuit die packaged within proces-
sor 704. Device package 710 may be, but is not limited
to, a substrate, a package substrate, and/or a PCB. In
one embodiment, device package 710 may be a package
substrate as described herein. Device package 710 may
include a package substrate having transmission lines
with conductive bumps (or stacked conductive bumps)
disposed below and/or above the transmission lines
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(e.g., as illustrated and described above in Figures 1 - 5)
- or any other components from the figures described
herein.
[0062] Note that device package 710 may be a single
component/device, a subset of components, and/or an
entire system, as the materials, features, and compo-
nents may be limited to device package 710 and/or any
other component of the computing device 700 that may
transmission lines with conductive bumps on the top sur-
faces, bottom surfaces, and/or both top/bottom surfaces
(e.g., the motherboard 702, the processor 704, and/or
any other component of the computing device 700 may
need the embodiments of the package substrates as de-
scribed herein).
[0063] For certain embodiments, the integrated circuit
die may be packaged with one or more devices on a
package substrate that includes a thermally stable RFIC
and antenna for use with wireless communications and
the device package, as described herein, to reduce the
z-height of the computing device. The term "processor"
may refer to any device or portion of a device that proc-
esses electronic data from registers and/or memory to
transform that electronic data into other electronic data
that may be stored in registers and/or memory.
[0064] At least one communication chip 706 also in-
cludes an integrated circuit die packaged within the com-
munication chip 706. For some embodiments, the inte-
grated circuit die of the communication chip may be pack-
aged with one or more devices on a package substrate
that includes one or more device packages, as described
herein.
[0065] In the foregoing specification, embodiments
have been described with reference to specific exempla-
ry embodiments thereof. It should be borne in mind, how-
ever, that all of these and similar terms are to be asso-
ciated with the appropriate physical quantities and are
merely convenient labels applied to these quantities. It
will be evident that various modifications may be made
thereto without departing from the broader spirit and
scope. The specification and drawings are, accordingly,
to be regarded in an illustrative sense rather than a re-
strictive sense.
[0066] The following examples pertain to further em-
bodiments. The various features of the different embod-
iments may be variously combined with some features
included and others excluded to suit a variety of different
applications.
[0067] The following examples pertain to further em-
bodiments:

Example 1 is a package substrate, comprising: a di-
electric over a conductive layer; a conductive line on
the dielectric; a plurality of conductive bumps on a
surface of the conductive line, wherein the plurality
of conductive bumps are conductively coupled to the
conductive line; and a solder resist over the conduc-
tive line and the dielectric.
In example 2, the subject matter of example 1 can

optionally include that the surface of the conductive
line is a bottom surface, wherein the plurality of con-
ductive bumps are below the conductive line and
conductively coupled to the bottom surface of the
conductive line, and wherein the plurality of conduc-
tive bumps are embedded in the dielectric.
In example 3, the subject matter of examples 1-2
can optionally include that the surface of the conduc-
tive line is a top surface, wherein the plurality of con-
ductive bumps are above the conductive line and
conductively coupled to the top surface of the con-
ductive line, and wherein the plurality of conductive
bumps are embedded in the solder resist.
In example 4, the subject matter of examples 1-3
can optionally include that the conductive line is a
transmission line, and wherein the conductive layer
is a conductive reference plane.
In example 5, the subject matter of example 4 can
optionally include that the transmission line is a strip-
line, a microstrip, a dual-stripline, or an embedded-
microstrip.
In example 6, the subject matter of examples 1-5
can optionally include that the plurality of conductive
bumps have one or more shapes, and wherein the
one or more shapes include rectangles, squares, cir-
cles, diamonds, or polygons, and wherein the plu-
rality of conductive bumps have a width that is equal
to a width of the conductive line.
In example 7, the subject matter of examples 1-6
can optionally include that the conductive line in-
cludes a conductive material that is equal to a con-
ductive material of the plurality of conductive bumps.
In example 8, the subject matter of examples 1-7
can optionally include that the conductive line in-
cludes a thickness that is substantially equal to a
thickness of the plurality of conductive bumps, or
wherein the conductive line includes a thickness that
is greater than a thickness of the plurality of conduc-
tive bumps.
In example 9, the subject matter of examples 1-8
can optionally include that the plurality of conductive
bumps have a first conductive bump and a second
conductive bump, wherein the first conductive bump
and the second conductive bump have a length,
wherein the first conductive bump and the second
conductive bump are separated by a gap length, and
wherein the length is less than the gap length be-
tween the first and second conductive bumps.
Example 10 is a package substrate, comprising: a
dielectric over a conductive layer; a conductive line
on the dielectric; a plurality of first conductive bumps
on a top surface of the conductive line; a plurality of
second conductive bumps on a bottom surface of
the conductive line, wherein the plurality of first and
second conductive bumps are conductively coupled
to the conductive line; and a solder resist over the
plurality of first conductive bumps, the conductive
line, and the dielectric.
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In example 11, the subject matter of example 10 can
optionally include that the plurality of first conductive
bumps are symmetrically positioned over the plural-
ity of second conductive bumps.
In example 12, the subject matter of examples 10-11
can optionally include that the plurality of first con-
ductive bumps are above the conductive line and
conductively coupled to the top surface of the con-
ductive line, wherein the plurality of second conduc-
tive bumps are below the conductive line and con-
ductively coupled to the bottom surface of the con-
ductive line, wherein the plurality of first conductive
bumps are embedded in the solder resist, and
wherein the plurality of second conductive bumps
are embedded in the dielectric.
In example 13, the subject matter of examples 10-12
can optionally include that the conductive line is a
transmission line, and wherein the conductive layer
is a conductive reference plane.
In example 14, the subject matter of example 13 can
optionally include that the transmission line is a strip-
line, a microstrip, a dual-stripline, or an embedded-
microstrip.
In example 15, the subject matter of examples 10-14
can optionally include that the plurality of first and
second conductive bumps have one or more shapes,
and wherein the one or more shapes include rectan-
gles, squares, circles, diamonds, or polygons, and
wherein the plurality of first and second conductive
bumps have a width that is equal to a width of the
conductive line.
In example 16, the subject matter of examples 10-15
can optionally include that the conductive line in-
cludes a conductive material that is equal to a con-
ductive material of the plurality of first and second
conductive bumps.
In example 17, the subject matter of examples 10-16
can optionally include that the plurality of first con-
ductive bumps have a thickness that is substantially
equal to a thickness of the plurality of second con-
ductive bumps, or wherein the plurality of first con-
ductive bumps have a thickness that is different than
a thickness of the plurality of second conductive
bumps.
In example 18, the subject matter of example 17 can
optionally include that the conductive line includes a
thickness that is substantially equal to the thickness
of the plurality of first and second conductive bumps,
or wherein the conductive line includes a thickness
that is greater than the thickness of the plurality of
first and second conductive bumps.
In example 19, the subject matter of examples 10-18
can optionally include that the plurality of first and
second conductive bumps have a first conductive
bump and a second conductive bump, wherein the
first conductive bump and the second conductive
bump have a length, wherein the first conductive
bump and the second conductive bump are separat-

ed by a gap length, and wherein the length is less
than the gap length between the first and second
conductive bumps.
Example 20 is a package substrate, comprising: a
dielectric over a conductive layer; a conductive line
on the dielectric; a plurality of first conductive bumps
on a top surface of the conductive line; a plurality of
second conductive bumps on a bottom surface of
the conductive line; a plurality of third conductive
bumps on the first conductive bumps, wherein the
plurality of first and third conductive bumps are
stacked above the conductive line; a plurality of
fourth conductive bumps on the second conductive
bumps, wherein the plurality of second and fourth
conductive bumps are stacked below the conductive
line, and wherein the plurality of first, second, third
and fourth conductive bumps are conductively cou-
pled to the conductive line; and a solder resist over
the plurality of first and third conductive bumps, the
conductive line, and the dielectric.
In example 21, the subject matter of example 20 can
optionally include that the plurality of first and third
conductive bumps are symmetrically positioned over
the plurality of second and fourth conductive bumps,
wherein the plurality of first conductive bumps are
above the conductive line and conductively coupled
to the top surface of the conductive line, wherein the
plurality of second conductive bumps are below the
conductive line and conductively coupled to the bot-
tom surface of the conductive line, wherein the plu-
rality of first and third conductive bumps are embed-
ded in the solder resist, wherein the plurality of sec-
ond and fourth conductive bumps are embedded in
the dielectric, wherein the conductive line is a trans-
mission line, and wherein the conductive layer is a
conductive reference plane, and wherein the trans-
mission line is a stripline, a microstrip, a dual-strip-
line, or an embedded-microstrip.
In example 22, the subject matter of examples 20-21
can optionally include that the plurality of first, sec-
ond, third and fourth conductive bumps have one or
more shapes, and wherein the one or more shapes
include rectangles, squares, circles, diamonds, or
polygons, wherein the plurality of first and second
conductive bumps have a width that is equal to a
width of the conductive line, wherein the plurality of
third and fourth conductive bumps have a width that
is less than the width of the conductive line and the
width of the plurality of first and second conductive
bumps, wherein the conductive line includes a con-
ductive material that is equal to a conductive material
of the plurality of first and second conductive bumps,
and wherein the conductive line includes the con-
ductive material that is the equal to or different than
a conductive material of the plurality of third and
fourth conductive bumps.
In example 23, the subject matter of examples 20-22
can optionally include that the plurality of first con-
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ductive bumps have a thickness that is substantially
equal to a thickness of the plurality of second con-
ductive bumps, or wherein the plurality of first con-
ductive bumps have a thickness that is different than
a thickness of the plurality of second conductive
bumps.
In example 24, the subject matter of examples 20-23
can optionally include that the conductive line in-
cludes a thickness that is substantially equal to the
thickness of the plurality of first and second conduc-
tive bumps, or wherein the conductive line includes
a thickness that is greater than the thickness of the
plurality of first and second conductive bumps.
In example 25, the subject matter of example 24 can
optionally include that the plurality of first and second
conductive bumps have the thickness that is different
than a thickness of the plurality of third and fourth
conductive bumps, wherein the plurality of first and
second conductive bumps have a first conductive
bump and a second conductive bump, wherein the
first conductive bump and the second conductive
bump have a length, wherein the first conductive
bump and the second conductive bump are separat-
ed by a gap length, and wherein the length is less
than the gap length between the first and second
conductive bumps.

[0068] In the foregoing specification, methods and ap-
paratuses have been described with reference to specific
exemplary embodiments thereof. It will be evident that
various modifications may be made thereto without de-
parting from the broader spirit and scope. The specifica-
tion and drawings are, accordingly, to be regarded in an
illustrative sense rather than a restrictive sense.

Claims

1. A package substrate, comprising:

a dielectric over a conductive layer;
a conductive line on the dielectric;
a plurality of conductive bumps on a surface of
the conductive line, wherein the plurality of con-
ductive bumps are conductively coupled to the
conductive line; and
a solder resist over the conductive line and the
dielectric.

2. The package substrate of claim 1, wherein the sur-
face of the conductive line is a bottom surface,
wherein the plurality of conductive bumps are below
the conductive line and conductively coupled to the
bottom surface of the conductive line, and wherein
the plurality of conductive bumps are embedded in
the dielectric.

3. The package substrate of claim 1, wherein the sur-

face of the conductive line is a top surface, wherein
the plurality of conductive bumps are above the con-
ductive line and conductively coupled to the top sur-
face of the conductive line, and wherein the plurality
of conductive bumps are embedded in the solder
resist.

4. The package substrate of claim 1, 2 or 3, wherein
the conductive line is a transmission line, and where-
in the conductive layer is a conductive reference
plane.

5. The package substrate of claim 4, wherein the trans-
mission line is a stripline, a microstrip, a dual-strip-
line, or an embedded-microstrip.

6. The package substrate of one of the previous claims,
wherein the plurality of conductive bumps have one
or more shapes, and wherein the one or more shapes
include rectangles, squares, circles, diamonds, or
polygons, and wherein the plurality of conductive
bumps have a width that is equal to a width of the
conductive line.

7. The package substrate of one of the previous claims,
wherein the conductive line includes a conductive
material that is equal to a conductive material of the
plurality of conductive bumps.

8. The package substrate of one of the previous claims,
wherein the conductive line includes a thickness that
is substantially equal to a thickness of the plurality
of conductive bumps, or wherein the conductive line
includes a thickness that is greater than a thickness
of the plurality of conductive bumps.

9. The package substrate of one of the previous claims,
wherein the plurality of conductive bumps have a
first conductive bump and a second conductive
bump, wherein the first conductive bump and the
second conductive bump have a length, wherein the
first conductive bump and the second conductive
bump are separated by a gap length, and wherein
the length is less than the gap length between the
first and second conductive bumps.

10. A method of fabricating a package substrate, the
method comprising:

forming a dielectric over a conductive layer;
forming a conductive line on the dielectric;
forming a plurality of conductive bumps on a sur-
face of the conductive line, wherein the plurality
of conductive bumps are conductively coupled
to the conductive line; and
forming a solder resist over the conductive line
and the dielectric.
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11. The method of claim 10, wherein the surface of the
conductive line is a bottom surface, wherein the plu-
rality of conductive bumps are below the conductive
line and conductively coupled to the bottom surface
of the conductive line, and wherein the plurality of
conductive bumps are embedded in the dielectric.

12. The method of claim 10, wherein the surface of the
conductive line is a top surface, wherein the plurality
of conductive bumps are above the conductive line
and conductively coupled to the top surface of the
conductive line, and wherein the plurality of conduc-
tive bumps are embedded in the solder resist.

13. The method of claim 10, 11 or 12, wherein the con-
ductive line is a transmission line, and wherein the
conductive layer is a conductive reference plane.

14. The method of claim 13, wherein the transmission
line is a stripline, a microstrip, a dual-stripline, or an
embedded-microstrip.

15. The method of claim 10, 11, 12 or 13, wherein the
plurality of conductive bumps have one or more
shapes, and wherein the one or more shapes include
rectangles, squares, circles, diamonds, or polygons,
and wherein the plurality of conductive bumps have
a width that is equal to a width of the conductive line.
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